Patients with secondary hypertension, diabetes mellitus, renal failure (glomerular filtration rate [GFR] < 60 ml/ min/1.73 m 2 calculated using the Modification of Diet in Renal Disease [MDRD] formula), atrial fibrillation, clinical suspicion of sleep apnea, congestive heart failure, history of CAD, and those working at night, were excluded.
Age, gender height, weight, body mass index, waist circumference, smoking status, dyslipidemia, and antihypertensive and adjuvant drug therapies initiated before hospitalization were documented for each patient (Table 1  and Supplementary Table 1 ). In addition, noninvasive vascular investigations, laboratory tests, and cycle ergometer stress testing were performed.
Ethics statement
This observational study of patients admitted for a 1-day hospital stay to assess the cardiac impact of hypertension, did not include any new diagnostic or therapeutic strategies and was considered as standard hypertension management. The local ethics committee ("Comité de Protection des Personnes, Ile de France") therefore specifically waives the requirement for written informed consent (article L.1121-1-2°, décret 2006-477).
Twenty four-hour ambulatory blood pressure monitoring
BP and heart rate (HR) were recorded on a weekday every 15 minutes from 7:00 am to 11:00 pm and every 30 minutes from 11:00 pm to 7:00 am with an automatic device (Novacor Diasys II Integra) using the Korotkoff method.
Mean nighttime BP was defined as the average BP measurement from bedtime until the patient awoke. Mean daytime BP was defined as the average BP measurement during the rest of the day. The parameters evaluated were mean 24-h, daytime and nighttime SBP, diastolic BP (DBP), mean arterial pressure (MAP), pulse pressure (PP), and HR.
Nighttime SBP reduction was calculated as the percent decrease in mean SBP during nighttime sleep versus mean SBP during daytime activity equal to 100 × ([mean daytime SBP − mean nighttime SBP]/mean daytime SBP).
Noninvasive vascular investigations
Aortic pulse wave analysis. Brachial SBP and DBP were measured in the morning in the supine position after 10-minute rest using an automatic device (OMRON 705 CP). Radial artery applanation tonometry was then performed to acquire the radial artery pressure waveforms (SphygmoCor; AtCor Medical, Sydney, Australia). After calibration of radial pressure according to brachial SBP and DBP, the aortic pressure waveform was derived using the generalized transfer function for central SBP and DBP estimation. 5 The subendocardial viability ratio (SEVR) is calculated noninvasively using SphygmoCor software, from the areas under the curve of aortic waveform (SEVR = diastolic aortic area/systolic aortic 
History of cerebrovascular events
There were no significant differences between the 2 groups. In each group, number of women was greater, with shorter height and smaller waist circumference. In extreme dippers, women presented smaller BMI (body mass index) than men. Abbreviations: (P (M/W), P value between men and women; P (Dip/Ex.Dip), P value between dippers and extreme-dippers).
area) 6 (Figure 1a ). Central augmentation index (AIx) was determined to assess the impact of the reflected pulse wave. AIx is calculated as the ratio of the augmentation pressure to the central aortic PP, where the augmentation pressure corresponds to the enhancement of the central aortic pressure by the reflected wave arriving backwards at the proximal aorta. 7 Radial to central PP ratio was used to determine the extent of pulse pressure amplification (PPamp) from the aorta to the periphery. 8 Pulse wave velocity. Waveforms were recorded transcutaneously using 2 pressure tonometers coupled with an electrocardiogram, one over the right common carotid artery (c), and the second over the right common femoral artery (f), simultaneously over a minimum period of 10-15 seconds (SphygmoCor; AtCor Medical, Sydney, Australia). 9 Carotid-femoral pulse wave velocity (cfPWV) was calculated as ∆d/∆t, (∆d) is the distance covered by the pulse wave, (∆t) is the time difference between the common carotid, and the common femoral artery waveforms measured by the system software. We used 80% of the direct carotid-femoral distance as recommended by Van Bortel et al. 10 Accuracy of measurements. Two series of paired measurements of cfPWV and SEVR separated by a 15-minute interval were performed in 14 hypertensive patients. The relative (positive or negative) differences (Di) within each pair of measurements were calculated. Concordance between the 2 measurements was estimated by the mean and the SD of Di (cfPWV: 0.3 ± 0.2 m/s −1 ; SEVR: 6 ± 5%). Intraobserver repeatability coefficient (RC) was calculated, 11 based on RC 2 = ΣDi2/N, where N is the sample. This coefficient expresses the variability of measurement due to both the method and observer. Difference in mean values between groups was considered significant if greater than RC value (cfPWV: 0.4 m/s −1 , SEVR: 5%).
Cycle ergometer stress testing
Starting workload was 60 watts, increased by 30-watt increments every 2 minutes, with cycling rate maintained at 70-75 revolutions per minute. The test was considered to be adequate for detection of myocardial ischemia when peak HR was ≥85% of the age-predicted maximum HR (calculated as 220 beats/minute minus patient age [years]).
Laboratory parameters
Venous blood sampling was performed between 8:30 am and 9:30 am following overnight fasting to evaluate glycemia, lipid profiles, creatinine, high-sensitivity C-reactive protein (hs-CRP), and brain natriuretic peptide (BNP). Levels of hs-CRP were assessed using a validated high-sensitivity assay (Dade Behring CardioPhase hs-CRP Assay, Marburg, Germany) with a 3.4% variation coefficient. 12 GFR was estimated using the simplified MDRD formula 13 A quantitative urine assay was used to determine the albuminuria/creatininuria ratio (ACR).
Statistical analysis.
Values were expressed as mean ± SD. Normal distribution was verified with the Agostino-Pearson normality test. Two-way analysis of variance was performed to detect differences between SBP profiles and gender. Categorical data were analyzed using the χ 2 test or Fischer's exact test as appropriate. Analysis of covariance was used to test for differences between SBP profiles and/or gender with adjustment for confounders such as age, height, 24-h MAP, 24-h HR, body mass index, smoking, total cholesterol, and fasting glucose. Linear regressions were calculated between SEVR and cfPWV (MedCal Software, Mariakerke, Belgium). P values <0.05 were considered significant.
RESULTS
Based on the inclusion and exclusion criteria, 213 patients aged 40 to 70 years were included in our study with 156 dippers and 57 extreme-dippers. Figure 2 shows the flowchart of patients' inclusion.
Twenty four-hour ambulatory blood pressure monitoring
Extreme-dippers showed greater nocturnal SBP dipping (P < 0.001) and nocturnal PP dipping (P < 0.001) compared to dippers (Table 1 , Figure 3a -b). Mean daytime SBP was higher in extreme-dippers than in dippers (P = 0.024), while mean daytime DBP and MAP were similar in both groups. In contrast, mean nighttime SBP, DBP, and MAP were lower in extreme-dippers compared to dippers (P < 0.001). Moreover, among extreme-dippers, women showed lower nighttime DBP than men (P = 0.017). Twenty four-hour mean SBP, DBP, MAP HR were similar in both groups. Twenty fourhour and daytime PP were higher in extreme-dippers compared to dippers (P = 0.046 and P = 0.001, respectively) whereas mean nocturnal PP was similar (Table 2) .
Aortic pulse wave analysis and pulse wave velocity
The SEVR was lower in extreme-dippers compared to dippers (P = 0.007), even after adjustment (P = 0.005). In each group, adjusted values of SEVR were lower in women than in men in dippers (P = 0.005) and in extreme-dippers (P = 0.004) (Tables 3-4). The cfPWV was higher in extremedippers than in dippers (P = 0.014) even after adjustment (P = 0.037), without any gender difference, (Table 3-4) . Radial and central SBP, DBP, MAP, and PP were similar in both groups (Table 3) . Central AIx was higher in extremedippers than in dippers (P = 0.042), with higher values in women in both groups (P < 0.001 in dippers and P = 0.003 in extreme-dippers [ Figure 3c and Table 3] ). After adjustment, central AIx remained higher in extreme-dippers than in dippers (P = 0.050), again with higher values in women in both groups (P < 0.001 in dippers and P = 0.027 in extremedippers [ Table 4 ]). Extreme-dippers showed lower PPamp than dippers (P < 0.001). An intergender difference was only observed among extreme-dippers, with lower PPamp values in women compared to men (P < 0.001) (Figure 3d and Table 3 ). After adjustment, PPamp remained lower in extreme-dippers than in dippers (P = 0.002), with lower values in women in both groups, but with a more significant difference in extreme-dipper women (P = 0.049 in dippers and P = 0.001 in extreme-dippers [ Table 4] ).
There was an inverse linear regression between SEVR and cfPWV in extreme dippers (y = −4.44x + 195.54, R = 0.48, P < 0.001); no such correlation was found in dippers (y = −0.85x + 166.17, R = 0.07, P = 0.419) (Figure 4) . In extreme-dippers, the slope of the linear regression was −4.44 ± 1.12, differing from the slope in dippers (−0.85 ± 1.04, P = 0.019).
Cycle ergometer stress testing
There was no clinical or electrical evidence of myocardial ischemia during ergometer stress testing. Nevertheless, 45% of patients in the dipper group and 39% in the extreme-dipper group did not reach 85% of the age-predicted maximum HR (no significant intergroup differences) (P = 0.73).
Laboratory parameters
Laboratory parameters are shown in Supplemental Table 2 . Total cholesterol and triglycerides were significantly higher in extreme-dippers compared to dippers (P = 0.008 and P = 0.004, respectively); high-density lipoprotein and low-density lipoprotein levels, fasting glucose as well as HbA1C were similar in both groups. Likewise, after adjustment, hs-CRP levels were also similar in both groups. GFR was significantly lower in extreme-dippers than in dippers (P = 0.002) and after adjustment (P = 0.046). Urinary albumin excretion and urinary albumin-creatinine ratio were similar in both groups. However, after adjustment, urinary albumin excretion was seen to be significantly higher in extreme-dippers than in dippers (P = 0.040). Dippers and extreme-dippers had similar BNP levels.
DISCUSSION
In our patients with no history of CAD, treated extremedipper compared to treated dipper hypertensive patients exhibited a lower SEVR, greater aortic stiffness and central AIx, lower PPamp, a higher mean daytime SBP, and a lower mean nighttime DBP (even after adjustment for age, gender, 24-h MAP, 24-HR, height, body mass index, smoking, fasting glucose, total cholesterol, GFR, microalbuminuria). The lowest SEVR and nighttime DBP were observed in extreme-dipper women. Moreover, lower values of SEVR were inversely correlated with aortic stiffness.
Coronary blood flow and subendocardial viability
Decreases in DBP induce vasodilation of the myocardial microvasculature, thus a consecutive drop in coronary vascular resistance for coronary blood flow preservation. 14 This phenomenon is auto-regulated and the maximum achievable increase in coronary blood flow from resting to maximal coronary vasodilation constitutes the coronary flow reserve which amplitude is directly related to coronary microvascular function/dysfunction and microvascular density. 15 The concept of myocardial oxygen supply/demand ratio was studied experimentally by Buckberg et al in 1972. 16 They showed in open-chest anesthetized dogs with anatomically normal coronary arteries, that subendocardial ischemia may result from an imbalance between metabolic needs (i.e., blood demand), and the available blood supply. 16 They recorded during cardiac catheterization, left ventricular and aortic pressures. The area between the aortic and left ventricular pressure curves, termed diastolic pressure time index (DPTI) represents subendocardial blood supply. The area under the systolic pressure curve of the left ventricle, termed systolic pressure time index (SPTI) represents myocardial blood demand (Figure 1b) . DPTI/SPTI ratio estimates subendocardial flow variations.
Hoffmann JIE and Buckberg GD in 2014 6 have revisited the concept of myocardial oxygen supply/demand ratio and have pointed out the easier estimation of subendocardial viability with less invasive methods. The aortic pulse wave analysis is an indirect and noninvasive method to calculate the DPTI/SPTI ratio, i.e., SEVR (Figure 1a) . Reduction in SEVR corresponds to impaired subendocardial flow. 6 Herein, with calculation of SEVR, we can identify predisposed patients who may develop myocardial ischemia. Design of the study was not built to directly evidence this pathology.
In treated extreme-dipper hypertensive patients with CAD, increased nighttime cardiac ischemic events during ECG monitoring have been reported. 4 It has also been shown that patients with essential hypertension are likely to have abnormal coronary flow reserve despite angiographically normal coronary arteries and the absence of left ventricular hypertrophy. 17 This relationship may be due to structural and functional coronary microvascular abnormalities such as remodeling and perivascular fibrosis of intramural arterioles, which lead to decreased density of vessels in the coronary microvasculature 17 and to myocardial ischemia.
Consequences of enhanced arterial stiffness
Because arterial stiffness induces an increase in PWV, the time-lapse between incident and reflected pulse waves decreases. Both are thus added in late systole in the proximal part of the aorta instead of in the peripheral arteries. Increased aortic stiffness leads therefore to an enhancement of the central SBP as shown in extreme-dipper patients by the increased AIx in the central pressure wave. Accordingly, left ventricular afterload increases, leading to a higher myocardial oxygen demand and a decrease in myocardial perfusion pressure, with a subsequent imbalance in the myocardial supply/demand ratio. 18 This latter point is consistent with the inverse linear regression we observed between SEVR and cfPWV but only in extreme-dippers, in whom aortic stiffness was greater than in dippers (Figure 4) . Moreover, because extreme-dippers had a higher 24-h PP together with increased arterial stiffness, we can speculate that transmission of the increased pulsatile pressure wave to the microvascular circulation was enhanced. 19 This mechanism may also play a role in the pathophysiology of renal microvascular damage in extreme dippers who have significantly higher urinary albumin excretion rates compared to dippers. Additionally, the decreased perfusion pressure overnight and the concomitant renal microvascular damage are probably causal in the lower GFR of extreme dippers. Values for dippers and extreme dippers are presented as mean ± SD. Mean 24-hour PP and mean daytime PP were significantly higher in extreme dippers, whereas no differences were observed in nighttime PP between the 2 groups. Women presented smaller mean nighttime DBP than men, particularly in extreme dippers. Abbreviations: bpm, beats per minute; DBP, diastolic blood pressure; HR, heart rate; MAP, mean arterial pressure; PP, pulse pressure; SBP, systolic blood pressure. (P (M/W): P value between men and women, P (Dip/Ex.Dip): P value between dippers and extreme-dippers).
Arterial stiffness has been shown to be a significant predictor of age-associated decline in GFR, particularly in patients with hypertension and renal failure. 20 
Influence of gender on pulse wave analysis parameters
The results of our study were also influenced by gender. Extreme-dipper and dipper female hypertensives were shorter than their male counterparts (Table 1) , and this characteristic is known to be responsible for the earlier return of reflected waves to the proximal aorta and consequently, for the enhancement of AIx. 21 PPamp was lower in women than men especially in the extreme-dipper group. This reduced PPamp in women may be due in part to their shorter stature, and consequently to the shorter length of the arterial system. The question of height is noteworthy. Indeed, a study including male physicians showed that there is an inverse association between adult height and the risk of CAD, including that of myocardial infarction. 22 A systematic meta-analysis by Paajanen et al. 23 of 52 studies including over 3 million people found that shorter stature in adults was associated with increased cardiovascular morbidity and mortality in both genders. Several mechanisms including PPamp, have been suggested. Indeed, it has been reported that low PPamp has a major influence on cardiovascular risk, independently of BP levels, 24, 25 particularly in women. Regnault et al. 26 reported the impact of PPamp on mortality as being 3 times higher in women than in men over age 55 years.
Study limitations
By calculating the RC for SEVR and cfPWV, we were able to ensure the relevance of the differences observed. The DPTI/SPTI ratio seems to be relevant when <100%, but notably, the denominator SPTI is underestimated by current methods of measurement. Indeed, measuring SPTI does not include the rise in left ventricular pressure before the aortic valve opens or the left ventricular pressure after the Extreme dippers have a stiffer arterial system characterized by higher cfPWV and lower PPamp, and impaired subendocardial viability characterized by a lower SEVR. In each group, SEVR was lower in women than in men with increased AIx; moreover, PPamp was strongly decreased in extreme-dipper women. Abbreviations: AIx, augmentation index; bpm, beats per minutes; cfPWV, carotid-femoral pulse wave velocity; DBP, diastolic blood pressure; HR, heart rate; MAP, mean arterial pressure; PP, pulse pressure; PPamp, pulse pressure amplification; SBP, systolic blood pressure; SEVR, subendocardial viability ratio. (P (M/W): P value between men and women, P (Dip/Ex.Dip): P value between dippers and extreme dippers).
aortic valve shuts. 16 Thus, calculated SEVR with tonometry shows higher values than those measured during invasive catheterization.
Anyway beyond absolute values, the main goal in our study was to compare the SEVR between extremes-dipper and dippers.
The relationship between dipping patterns and aortic stiffness has not yet been fully elucidated. A significant positive correlation has previously been demonstrated between arterial stiffening and plasma levels of tumor necrosis factor-alpha, interleukin-6, or hs-CRP, thus suggesting a role for inflammation in essential hypertension. 27 In our study, hs-CRP rates were not significantly different between dipper and extreme-dipper hypertensive patients, but we did not measure tumor necrosis factor-alpha or interleukin-6. Consequently, we cannot formally reject the possible involvement of inflammation in the pathogenesis of impaired subendocardial viability in our extreme-dippers.
The number and type of antihypertensive drugs taken by each patient was similar in both study groups (Supplemental Table 2 ). In the patients referred to our institution, it is interesting to note that of all the therapeutic classes used, diuretics ranked only fifth among dippers and extreme dippers. Because daytime SBP was higher in extreme dippers than in dippers, a more widespread use of thiazide diuretics and dihydropyridine calcium antagonists in extreme-dipper patients could potentially reduce daytime SBP and thus the daytime/nighttime differences in SBP. However, this procedure requires multiple adjustments, which are often difficult to perform in elderly people with multiple drug treatments.
In conclusion, our data suggest that extreme-dippertreated hypertensive patients with no history of CAD, diabetes or chronic kidney disease, and women in particular, are prone to impaired coronary microcirculation, exposing them to greater risk of myocardial ischemia. This is essentially related to greater arterial stiffness than in dippers and Abbreviations: AIx, augmentation index; cfPWV, carotid-femoral pulse wave velocity; PPamp, pulse pressure amplification; SEVR, subendocardial viability ratio.
a Values adjusted for age, gender. b Values of pulse wave velocity and tonometry parameters adjusted for age, gender, height, 24-hour mean arterial pressure, 24-hour heart rate, body mass index, smoking, fasting glucose, total cholesterol, glomerular filtration rate, microalbuminuria (95% CI, 95% confidence interval). (P (M/W): P value between men and women, P (Dip/Ex.Dip): P value between Dippers and Extreme-Dippers).
to shorter stature for women than men. Both features negatively impact on the biomechanical properties of the arterial network and consecutively impair heart-vessel coupling and myocardium blood supply. Although a prospective study is still required to confirm the elevated risk of myocardial ischemia in extreme-dipper hypertensive patients, one can nevertheless legitimately recommend closer monitoring of this population, and female members of this subgroup in particular.
SUPPLEMENTARY MATERIAL
Supplementary data are available at American Journal of Hypertension online. 
